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Precast Concrete Box Design

Project: TDOT Alternate Reinforcement for Precast Box Structures

Date: 12/17/21

Product: 48 in. x 36 in. Curb Inlets & Catch Basins (HL-93 Live Load)

Calculations By: DRH
Design Criteria:

- Top of wall at grade

- HL-93 Live Loading

- Water table at grade

- Base section walls are integral with base slab

ies an ions:
Concrete Compressive Strength, 28 Days.....................

Correction Factor for Source of Aggregate..................

Unit Weight, Concrete.............cccocociiiiiiininn

Concrete Modulus of Elasticity............
AASHTO LRFD Equation 5.4.2.4-1

Steel Yield for Rebar...........cooooiiiiiiiie
Steel Modulus of Elasticity.............ccooooieiinn,
Exposure Factor, TDOT Structures Office Policy.... ...

Unit Weight, SOil........ccccooiiiiiec e

Unit Weight, Water..............cccoiiies

ral E re Coeffici
Effective Angle of Internal Friction...........................
Friction Angle Between Fill and Wall......................

Angle of Fill to the Horizontal...................c.ococ

Angle of Back Face of Wall to the Horizontal............

Equivalent Fluid Density, Fully Saturated Soil..............
Live Load and Dynamic Load Allowance:

Live Load. ..o

Dynamic Load Allowance..............cccccocrniiniinninnen,

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx

; nces:
AASHTO LRFD Bridge
Design Specification
Eighth Edition, 2017

F.:=5.0-ksi
K,:=1.0 AASHTOLRFD 5.4.2.4
.
W,:=0.15 =2
ft

2.0

kip kip
fy=60-ksi

E,:=29000- ksi

7Ye:=0.88  Corresponds to Crack Width 0.015 in.

(See AASHTO LRFD C5.6.7)
kip o
ft’
kip
ft?

Ye:=0.12-

Yy i=0.0624 -

ren
¢'s:=30 deg
§:=0.67+¢';=20.1 deg
B:=0 deg
0:=90 deg
2
e

2

(sin (9 + ¢'f>>
I’-(sin(@)2 sin(9—5)> '
kip

Yeq'= (Vs = V) * ka+7,,=0.0795 w

=2.69

ky:= =0.3

LL:=16 kip HL-93 Wheel Load
IMdt = 1.33

Page 1 of

Ec==120000-K1'((wc (fﬁ)) (f’c-(m2 )) )-ksi=4592.2 ksi

471



Precast Concrete Box Design

Load and Resistance Factors:

Np= 1.0

Nr_pr=1.0

LLF;:=1.75

DLF;:=1.25

SLF,=1.5
SLF,W =1.3
¢f:= 0.90

¢,:=0.90
B:=2.0

B,:=0.85—-0.05 (

Ductility Load Modifier,
AASHTO LRFD 1.3.3

Redundancy Load Maodifier,
AASHTO LRFD 1.3.4, Dead Loads
Redundancy Load Modifier,
AASHTO LRFD 1.3.4, Live Loads

Importance Load Modifier,
AASHTO LRFD 1.3.5

Redundancy Load Modifier,
AASHTO LRFD 1.3.4 & 12.5.4,
Soil Loads - ~

Multiple Presence Factor,
AASHTO LRFD Table 3.6.1.1.2-1

LLF::m'LLFi"I]D°T]R~LL'771=2.1O
LLFy:=LLF;*np*ng 11+ Mm=1.75
DLF::DLF,i‘nD"r]R_DL'T]I—_— 1.25

SLF},:=SLFy,np*1g s.*M=1.58

SLF,U ::SLF,L‘v *Np* 77R_SL' 771= 1.37

Live Load Factor,

AASHTO LRFD Table 3.4.1-1

Dead Load Factor,

AASHTO LRFD Table 3.4.1-1 & Tabie 3.4.1-2

Soil Load Factor,
AASHTO LRFD Table 3.4.1-1 &
Table 3.4.1-2 (EH, Active)

Soil Load Factor,

" AASHTO LRFD Table 3.4.1-1 &

Table 3.4.1-2 (EV)

Resistance Factor-Flexure, AASHTO LRFD 5.5.4.2 (Assumed, Verify in Flexural Calcs.)

Resistance Factor-Shear, AASHTO LRFD 5.5.4.2

Shear Factor- AASHTO LRFD 5.7.3.4.1
fe

0.65

(Br)
else
0.85

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx

—41=0.8 = if 8,-<0.65
Ze dos mefuss

also if 0.65 <3< 0.85

ﬂl = 0-80

Page 2 of
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Precast Concrete Box Design

Product Data:
a Width, Short Dimension................... W:=3.00-ft -

Length, Long Dimension................. L:=4.00-ft
Top Slab Thickness............cccccoenen. T,:=10+in : =
Bdttom Slab Thickness................... Ty:=6+in
Base & Riser Wall Thickness.......... Tp=6+in = Fnished Grade
Design Span Width....................... Spany =W + T, =3.50 ft Sy CHREE
Design Span Length...................... Span;:=L+T,,=4.50 ft = _
Inside Total Height.......................... h:=11.ft+8-in -
Soil Fill Above Top Slab................ hy:=0.0-in “
Depth to Water Table..................... H,,:=0-ft
Design Beam Width, Flexure......... b:=12-in o . J_,T‘”b
Design Beam Width, Shear.......... b,:=12 in

Design Strip Moment of Inertia..... I g-wall ::—,.1—;"1’—3:—: 216 in®  Base and Riser Walls

b-T)’ . 4
g.base = =216 in Base Floor Slab
Depth to Bottom of Base Slab........ H:=h;+T+h+Tp=13 ft
ical Stack :

Height of Base Section..................... hyy:=4+ft+0-in Note: These dimensions used
Height of Bottom Riser Section......... h,:=4-ft+0-in fg r;iesign. Mfg. heights will

“Height of Interm. Riser Sections....... ho=3ft+8-in l
r Diameters Cover an i hs:
Base Secti lis:
Base Wall Concrete Cover................ C,=2.85-in
Bar Diameter, Base Walls.................. Db,:=.309-in Horizontal Direction

Db, :=.309.-in  Vertical Direction,Cantilever

Horizontal Wall ds Dimension............. d,=T,;,—C,—0.5-Db,=3.00 in
Cantilever Wall ds Dimension........... d,:=T,,—C,,— (Db, +0.5-Db,,,) =2.69 in

Base Floor Slab Concrete Cover....... Cyp:=2.0-in

Bar Diameter, Base Floor Slab....... Dby :=.375+in Short Direction

| Dby,;:=.375-in Long Direction
ds Dimension (Short Direction)........... dy,:=T,—C,—0.5:Db,,=3.81 in
ds Dimension (Long Direction)......... dy =Ty —Cy— (Db, + 0.5+ Dby,) =3.44 in

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx Page 3 of .



Precast Concrete Box Design

Riser Wall Concrete Cover................ Cpri=2.85+1n
Bar Diameter, Riser Walls................... Db, :=.309-in Horizontal Direction

Db, :=.309-in Vertical Direction

Riser Horizontal Wall ds Dimension.... d,,,.:=T,,;,—C,,—0.5+Db,,=3.00 in

Riser Vertical Wall ds Dimension....  de, :=Typ— Cyyp — (Db, + 0.5+ Dby,,,) =2.69 in
Design of Base Section: Finished Grade
Loading - Walls of Base ion - External Lateral Pressure llfﬁyﬁyfﬁl [ |
Lateral Live Load Surcharge (LS} HI=IT]
Wa
Depth to bottom of section................ Hy:=H-T,=12.5 fi i
Equivalent Height of Soil................. hey:=4.0 ft : ol T
AASHTO LRFD Table 3.11.6.4-1 n L
Lateral Earth Surcharge from LL... LS:=kg+ys+heq /
LS=0.143 ksf Service Load / al
Lateral Earth Pressure (EH) Loading above section (Service Load): i
el
EH = <H_Tb_hbb_Hwt> * (7eq) +Hyp Vs kg o V ; =

Total Loading above section (Service Load):
Wy :=LS+FEH g,
w,,=0.819 ksf
Lateral Earth Pressure (EH) Loading directly on section (Service Load):
EH jip:=hyp = Yeq
EH,,=0.318 ksf Note: Wy i=EH g,
Total Loading (Service):

Wy

Wy 1= (was-l» )-b=0.978 klf

Jotal Loading (Factored):

W= (LS + LLF}) + (EH g, - SLFy) = 1.314 ksf

Wy = <EHdi’I‘ 'SLFh> =0.501 ka

w,:

Wy
w,+ 5 +b=1.565 klf

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx Page 4 of . P(n



Precast Concrete Box Design

Analysis of Deflections, Base Section Walls--Fixed-End Condition:

(wsvc> ) pa'nL4

Maximum Horizontal Deflection At Mid-Span...... AMazy g, = =0.0018 in
‘ 384- Ec * Ig.wall
Was+b) hpy'  (Wpee A+ 50+ b) «
Maximum Deflection At Top of Base Wall........ Amax, = < ® ) ® 4 ( bs 0 ) % =0.0504 in
8 'Ec'Ig.wall 15 'Ec 'Ig.wall
. . . . Ama'mhoriz
Percent of Load Carried In Cantilever Direction............... K o= =0.03
: AMayyp, + AMAT gy
Percent of Load Carried In Horizontal Direction............... Kiorin=1=K 0, =0.97

Bending Moment Analysis Horizontal Loading (Base Section Walls):

Span |
Mcor
;‘ Miong
B §_ Mshort uw
n
!
: w, [Span;® +Spany*
Moment In Corners.............ccc....... Mcor, =K} —+ P PRw_|_ 2.11 kip- ft
~ ~ 12 Span; +Spany, :
. (w,) - Span,” :
Moment in Long Span................... Milong,, ;=K,,i,» ————————Mcor,=1.71 kip- ft
. (w,) - Spany,” :
Moment in Short Span................... Mshort, .,:=Kpori* —Mecor,=0.2 kip- ft
Maximum Factored Moment.......... Mcor,=2.11 kip- ft

Determine Reguired Circumferential Reinforcement (Base Section Walls):

=l1=[1/1= 2+.Mcor, 0.85:f".+b-d,
) ¢p+b(du)® 085+ f fy

Flexural Cracking Variability Factor.......................... v::=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... v3:=0.67
Half of Wall Section Thickness................c..o..oooovvvvvve... Coe ::---z;“iE =3 in

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx ‘ Page 5 of "F}



TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx

Precast Concrete Box Design

Concrete Density Modification Factor........................... A=1.0
0.5
Modulus of Rupture of Concrete...............ccccoceeeieenne. fr:=0.24 ). (f’c . (::; )) +ksi=0.537 ksi
Section Modulus, Non-Composite Section................... Spei= Tgwar _ 72 in®
ne
Cracking MOMENL..........c..ccoveverieeeeeeeeeeee e Mo, =73+ (V1 f;) *Sn.=3.45 kip- ft
| Alternate Moment for Min. Reinf. Consideration........... Mu.min :=1.33+.Mcor,=2.8 kip- ft
" Controliing Moment for Min. Reinf. Evaluation............. M, in=1if (MchMu.mm M, ’Mu.min>

Min. Req'd Steel Area Base Walls (Horizontal):

o | 2+M,, min | 0'85'flc'b’dw
Agmin=|1-[4/1— 2 *
 ¢yebe(d,)?+0.85-f, Iy

A, in=0.22 in®
Agpn=if <Aswh > Ag miny Aswh s As.min)

Req'd Steel Area Base Walls (Horizontal).................... Agn=0.22 in®
Check Required Shrinkage and Temperature Reinforcement (AASHTO LRFD Section 5.10.6)
1.3 . b . wa .9 ) ) . .. 9 :
As.temp' = - = =0.04 in As.temp = if As,temp's 0.11 an°
in
2°<b+wa)'fy’("’;:i’;) 0.11 in®
' ' alsoif 0.11 in® <A, ,,,<0.60 in’
(As.temp'>
else
0.60 in’

A, temp=0.11 in’
Agypi=if <Aswh > Ay tempr Aswh s As.temp>

Req'd Steel Area Base Walls (Horizontal)...................... A,,=0.22 in®

Check Steel Provided (Walls Horizontal Base Section):

Bar Diameter...............ccocceevnne. Db, =0.309 in
Steel Spacing.......ccovocevee e, spacing; =3 +in
Db,* . . 2 . 2

Area of Steel..................... Appri=1e 1 =0.075 in° A, :=Round (Abar, .001.in ):0.075 in

Ao 1o ft
Area Provided with Spacing............ A, provh ::—-—bﬂ—‘——'f-—z 0.30 in’

spacing,,

Area Required...........cccoccevernnen. Ag,=0.22in* if (Aswh <A; prov.ns “OK”, “NG”) =“0OK”

Page 6 of "]7



TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx

Precast Concrete Box Design

Check Steel Reinforcement Yield for Fiexure (Walls Horizontal Base Section) AASHTO LRFD 5,6.2.1:

A L]
Depth of Equivalent Rectangular Stress Block.... a::M:O.% in

0.85.f".+b
Distance to Neutral AXis............cccoeovee i c::i=0.44 in

1
Distance to the Centroid of Tensile Reinf................. d,:=d,=3 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq=.002
Check that Tensile Reinforcement has Yielded........ Check, ::—5—: 0.147
; ; A
.003
Checky:=——=0.6
003 +¢,

Verify:=if <C’heck1 <Check,,“Tension Control”, “Not Tension Control””) = “Tension Control”
. Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Wall Steel (Base Section Wall Horizontal)

w Span;’® +Spany,*
Service Moment In Corners............. Mcor, =Ky, —- P TOPIW | _1.32 kip- ft
12 Span; + Spany,
Depth to centroid of wall reinforcing............... d:=d, . d=3.001in
Concrete cover from extreme tension fiber to Db
center of flexural reinforcement..................... Ay oy =Clp+ 7’”_ =3in
Modular ratio...........cccocoeieiiiiciiiecce n=EFE,+F, n=6.3
. . As.prov.h
Reinforcement ratio.............c.cccocieninienn, p::TE_ p=0.00835
ion factors: 2
Compression factors k::\/2-p-n+(p-n) —pen E=0.276
j=1-k=+3 7=0.908
. . . MCOTS .
Service tensile force in steel......................... T, = T,,=5.81 kip
j-d
. . . Ts.h . .
Service tensile stress in steel........................ o p = forn=19.37 ksi
: As.prov.h
dc.cvr
Calculate Beta S.........cooooenviiiiniiiiiii, Bsi=1+ y Bs=2.433
AASHTO LRFD Equation 5.6.7-2 0.7- (wa_ cwr)
. 700+7,+in )
Max spacing reinforcement ....................... Smazh=|———|—2+d, oy =7.1 11
AASHTO LRFD Equation 5.6.7-1 B, fon
' ksi

Smaz =N (1.5 Ty S1ngen > 18 in) =7.1 in

Check steel spacing for crack control....... checky,=if (spacing, < |Spmazp|» “OK”, “NG”)  check)=“OK”

Page 7 of %’7



Precast Concrete Box Design

Check Wall Shear Capacity Horizontal Loading (Base

Determine Effective Shear Depth............c..........

Maximum Shear Load on Walls (Horizontal)..........

Shear Capacity, Wall (Horizontal).........................

Design of Vertical Reinforcement (Base Section Wall Cantilever Dir

Moment At Base of Wall..........................

Steel Area Required...............cccoviivnciiieenneniis

Area Of Flexural Reinforcing,
Cantilever Direction (Walls Vertical)..................

Check Minimum Required Reinforcement Base Section Wall Cantilever Direction (AASHTO LRFD Section 5.6.3.3)

Flexural Cracking Variabilty Factor...........................

Ratio of Yield Strength to Uitimate Tensile Strength.....
Half of Wall Section Thickness.............cccccevrriennnneen.
Concrete Density Modification Factor.............c............

Modulus of Rupture of Concrete............cccoovieeine

Section Modulus, Non-Composite Section...................
Cracking Moment............cccooccc i

Alternate Moment for Min. Reinf. Consideration...........

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx

Mcant,:=K_,,;*

2+Mcant, 0.85.f,+b-d,
ASU)’U = 1 - 1 - .
¢pebed,”-0.85-f, Iy ‘

ion Walls
a R
M'n ::As.p’l‘ov.h'f’y * (dw —‘2’) =4.23 kzp'ft
M, )
dyi=———=2.821in
A&pmv.h'fy

d,,:=0.9+dy,=2.7 in

dep:=0.72. Ty =4.32 in
de = if <del 2 d62 ) del 9 de2) :4.32 i'n,

Ay =i (dyy> e, Ay, ) =4.32 im0

L .
Vui=Kporiz <w’u> : ( 2 - dwv) V,=2.48 kip
fe o
PV i=h, - 0.0316 B+ |4 + ksi| - b, + (dy)
ksi
BV, =6.59 kip
if(Vu<¢Vc, “OK” , “NG”) =“QK”
tion
w ’h b2 'b w ‘h 2 'b .
e K = 0.41 kip- ft

A,,,=0.03 in’

v::=1.6
¥3:=0.67
Ty )
cm::——g———=3 1
A:=1.0
0.5
in®
fr:=0.24.)\-(f’c‘( - )) +ksi=0.537 ksi
kip
I
Spei= g-wall =72 in?
CTLC

M. =73+ <71 'fr) *Sy.=3.45 kip- ft

M, i :=1.33«Mcant,=0.55 kip- ft

Page 8 of .



Precast Concrete Box Design

Controlling Moment for Min. Reinf. Evaluation............. My i = (M ey <My nin s My s My i)

M, in=0.55 kip- ft
Min. Req'd Steel Area Walls (Vertical):

2+ My min 0.85+f".+b-d,.
As.min:: 1- 1- > .
$sob+(d,)* +0.85-f Iy

Ay 1in=0.05 in’
A, =if (Aswv > A min s Aswo ,Ask.min)

Req'd Steel Area Base Walls (Vertical)................... A, =0.05 in’

Check Required Shrinkage and Temperature Reinforcement (AASHTO LRFD Section 5.10.6)

1-3'b'wa

A, temp = ———=0.04in> A, jempi=||if Ay empy<0.11 in”
m
2‘<b+wa)'fy°(kip) : 0.11 inz
alsoif 0.11 in® <A, ;,,»<0.60 in’
<As.temp’>
else
0.60 in’
A, temp=0.11 in?
Aswv =if (Aswv > As.temp 7Aswv ?As‘temp>
Req'd Steel Area Base Walls (Vertical)....................... A,,=0.11 in®
Check Steel Provided (Walls Vertical B ion):
Bar Diameter...........ccccccccvennnenn. Db,,,=0.309 in
Steel Spacing..........cccecoevieviecrnennn, spacing,:=3+in
) wavz . 2 i 2 2
Area of Steel............... Apgp =+ — Z—=0.075 in Apgr+=Round (A4,,,,.001+in”) =0.075 in’
. . . Aba'r -1 'ft . 2
Area Provided with Spacing.............. A prov.y i =————=0.30 in
spacing,,
Area Required................cocooeevunn... Agyy=0.11 10"  if (A, <A provsr “OK”, “NG”) = “OK”

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx Page 9 of b)\']



Precast Concrete Box Design

Check Steel Reinforcement Yield for Flexure (Walls Vertical Base Section) AASHTO LRFD 5.6.2.1;

Depth of Equivalent Rectangular Stress Block....
Distance to Neutral AXiS...........cccccceiiiiciinnnnn.

Distance to the Centroid of Tensile Reinf..........
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)

- Check that Tensile.Reinforcement has Yielded

= As.prov.v ’.fy

0.85-f,-b

C ::—a-z 0.44 in
1

d,:=d,=2.69 in

=0.35 in

...... €= .002
Check,=—--=0.164
dS
.003
Checkyi=——>_=0.6
003+,

Verify:=if <C’heck1 < Check,, “Tension Control”, “Not Tension Control””) = “Tension Control”

Check Crack Control for Vi
Service Moment at base of wall.........
. Depth to centroid of wall reinforcing...............

Concrete cover from extreme tension fiber to
center of flexural reinforcement.....................

Modular ratio...........oceeeeeiiii s

Reinforcementratio..............ccccoeeeiviviieiinnne.

Compression factors:

Service tensile force in steel.........................
Service tensile stress insteel........................
Calculate Beta S........c.oooooiiiii

AASHTO LRFD Equation 5.6.7-2

Max spacing reinforcement ................cc.ce..
AASHTO LRFD Equation 5.6.7-1

Check steel spacing for crack control.......

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx

Mcant,:=K_,,;*

Steel Yields, Assumption Phi (Flexure=0.90) is OK

ical Wall Steel (Base Section

W,e* h 2 . b Whr.* h 2 . b
2 Kyt ——2—— = 0.26 kip- fi
d:=d, d=2.69 in
de.cvr'=Cyy+ (Db, +0.5- Db, ) =3.31 in
nz:Es':'Ec n=6.3
As prov.v
= =0.00931
P d o f
\/ 2
k=\2.p-n+(p-n) —p:n k=0.289
J=1-k+3 §=0.904
Mecant, ]
swi T T T,,=1.27 kip
jed
T
fs.v::"—i“ fs.v:4-25 ksi
As.prov.v
Bs=1+ Qe B,=2.762
0.7. (wa_ dc.cvr>
7007, -in .
Smazv = ““‘—7“"— -2 dc.cvr:45°9 m
’ 8.V
B ksi

Smaz.v = TTUN (1'5 *Tob» Smaz.vr 18 2"’) =9 1in

Page 10 of

check,:=if (spacing, <|Smaz.0| , “OK”, “NG”) check, = “OK”



Precast Concrete Box Design

Check Wall Shear Capacity Vertical Loadin

Determine Effective Shear Depth..........c...c......

Maximum Shear Load on Walls (Vertical)............

Shear Capacity, Wall (Base of Cantilever)...........

Vu ::Kcant B (wu> ° (h‘bb>

¢Vc==¢v-0.0316-ﬂ.(

Base Section Walls
a .
~Mn ::As.prov.'u 'fy' (dc—_é‘) =3.77 kzp-ft

M
d, = =25114n
ey’ A

8.prov.v 'fy
d.;:=0.9.d.=2.42 in

dep:=0.72+T,,=4.32 in
de = if<del 2 deZ 9 del 3 deZ) =4.32 in

Aoy =i (dgyy > oy iy d) =4.32 in

V,=0.22 kip

f”_ -ksi)-bv-dcv
ksi

¢V,=6.59 kip
if(V,<¢V,,“OK”,“NG”) = “OK”

Secti r Slab

Distribution of External Upward Pressure

[ Spany Spany, i .
m. :=if <0.5,0,Round | ———,0.05 m.=0.80 If width to length ratio is less than 0.5
: Span;, Spang, then design as one-way slab (m=0).
m CA CB m WA WB
[ 1 .036 .036] [ 1 .50 .50]
.95 .040 .033 .95 .65 45
.9 .045 .029 9 .60 .40
|.85 .050 .026 .85 .66 .34
.8 .056 .023 .8 .71 .29
MC =] 75 .061 .019 Moment Coefficients VC:= 75 .76 .24 Shear Coefficients
.7 .068 .016 based on distribution 7 .81 .19} pased on distribution
|.65 .074 .013 Width/Length ratio, m. .65 .85 .15| Width/Length ratio, m.
.6 .081 .010 .6 .89 .11
.55 .088 .008 .85 .92 .08
] .5 .095 .006 1.5 .94 .06
| 0 .125 0 | & 0.125= 1/8 (One-Way Case) | 0 1.0 O |
C 4 :=|vlookup (m.,MC, 1)| C,4=0.056 Moment Coefficient, Short Direction
C:=|vlookup (m.,MC, 2)| Cp=0.023 Moment Coefficient, Long Direction
W 4 :=|vlookup (m.,VC,1)| W,=0.71 Shear Coefficient, Short Direction
W :=|vlookup (m.,VC, 2)| Wg5=0.29 Shear Coefficient, Long Direction

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx
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Precast Concrete Box Design

Combination of Loads

Structure Volume:

Worst Case - structure empty with full LL+ Impact

Vol::h-<W+2-wa)o<L+2-wa)—hoW-L+T,,-(W+2oTw,,)-(L+2-wa>+Tt-(W+2-wa)-(L+2~wa)

Structure VOIUME. ......co.ovvveeeveeeeerirsvernn. Vol=120 ft*
Self Weight Bearing Pressure Wy '= Vol We,=0.9 ksf
o1 PEETTY PSSR e sw <L+2'wa).<W+20 wb) sw
Earth Load Bearing Pressure.................. wgy =7 hy=0 ksf
. . IM g,
Live Load Bearing Pressure............c..c..cov. wypp=LL- (L+2 T ) (W+2 T ) =1.06 ksf
*Lawb)* L wb

Total Load On Base Floor Slab (Factored).......

Base Floor Slab Moment Analysi

M,

u

Moment at Midspan Short Direction............ eeeres

Steel Area Required...........cccvveeviviniiiiecennnen.

Area of Reinforcing, Short Direction............

nd Required Flexural Reinforcemen

=1~

Wy pase :=DLF +wg,+SLF, «wgy+ LLF +wy; =3.36 ksf

hort Direction

s =Cye Wy base* Spany,” . b | M, ,=2.3 kip- ft

0.85-f,b-d),
Sy

J)

1 2°Mu.s
Gs-be (dps)” +0.85- f,

Ag,=0.14 in’

Check Minimum Required Reinforcement Base Floor Slab Short Direction (AASHTO LRFD Section 5.6.3.3)

Flexural Cracking Variability Factor.........................

Ratio of Yield Strength {o Ultimate Tensile Strength.....
Half of Base Stab Section Thickness..............cc....cce..
Concrete Density Modification Factor...........................

Modulus of Rupture of Concrete............cocooeeeienneennnn.

Section Modulus, Non-Composite Section..................
Cracking Moment............coooi i
Alternate Moment for Min. Reinf. Consideration...........

Controiling Moment for Min. Reinf. Evaluation.............

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx

71 = 1-6
73 = 0-67
Ty .
Cnc ::—2-—:3 m
A:=1.0
0.5
in®
fT::0,24-)\.(f’c~( : )) -ksi=0.537 ksi
kip
I
Spei= g-base =72 in’°
cm

Mcr::73' <71 'fr) 'Snc:3'45 kip'ft

M,

1.33-M, ,=3.07 kip- ft

Mu.min =if <Mcr < Mumm ’ MCT ’ Mumm>
M,,...=3.07 kip-ft
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Precast Concrete Box Design
Min. Req'd Steel Area Base Floor Slab (Short Direction):

2.-M, .. 0.85.f,+b-d
As,min =l1— \/1_ ;L.mm . fc bs
Gpebe(dps)” +0.85+f, Ty

A, . =0.18 in’
Agps=if <Asbs > A minr Asbs ,As.min>

Req'd Steel Area Base Floor Slab (Short Direction)...... Ay, =0.18 in®

Check Required Shrink: and Temperature Reinf. Base Floor Slab Short Direction (AASHTO LRFD Section 5.10.6
1.3 . b . Tb

— =0.04 in’ Ay gemp=|| If Aggemp <011 in’
2‘<b+Tb>’fy’(kip) ; o 0.11 in®
o ‘ . alsoif 0.11 in® <A, 4,y <0.60 in®

(As.temp’)
else

0.60 in’

As.temp’ =

A, jemp=0.11 in®
Asbs =if <Asbs > As.te'mp ’ Asbs ’As.temp)
Req'd Steel Area Base Floor Slab (Short Direction,)................ Ay,=0.18 in®

Check Steel Provided for Base Floor Slab (Short Direction) :

Bar Diameter...............ccccoiiiinnn. Db,,=0.375 in
Bar Spacing..........cccccovveneennenenen spacing,:=6-in

bbs2 . 92 . 9 . 2
BarArea..........cooeeviieeicneninn, Apypi=1re =0.11 in Ay.-:=Round (Aba,,,.Ol “in ):O.ll n

_.Abar'l'.ft

Area Provided w/ Spacing............. A, provsi= =0.22 in’

spacing,
Required Steel Area................... Ay =0.18 in’

if (Asbs SAs.prov.s , “OK” , “NG”) =4%0QK”

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx Page 13 of. *fﬂ



Precast Concrete Box Design
Check Steel Reinforcement Yield for Flexure (Base Floor Slab Short Direction) AASHTO LRFD 5.6.2.1:

A .
Depth of Equivalent Rectangular Stress Block.... a:*—wzo.% in

T 0.85-f,b
. Distance to Neutral AXis..........c.coooconiiiciines ci=2-0.32 in
1
Distance to the Centroid of Tensile Reinf................. dyi=dp,=3.81 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq:=.002
Check that Tensile Reinforcement has Yielded........ . Check;, ::Ec~: 0.085
; : o .
.003
Checkyi=—————=0.6
003 +¢,

Verify:=if (Checkl <Check,, “Tension Control”, “Not Tension Control””) = “Tension Control”
‘ ~ Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Base Floor Slab Steel (Short Direction)

Total Service Load On Bottom Slab.............. Wy o= Wy, + Wy + Wi W, ,=1.96 ksf
Service Moment at Midspan...................... M, =C 4w, Spany’ +b M, ,=1.35 kip- ft
Depth to centroid of slab reinforcing.............. d:=d, ' d=3.81in

Concrete cover from extreme tension fiber to
center of flexural reinforcement........... R o

de ooy =Chp+ (0.5 « Dby,g) =2.19 in

Modular ratio..........ccccocciiiiiiiiiii n=E,+FE, n=6.3
A
Reinforcement ratio...............co.ccoovvrrrnnn. p::——;;ﬂ;if- p=0.00481
. _ ; o .
Compressuon factors.j k= \/2-p-n+(pon) —pem k=0.218
ji=1—-k+3 j=0.927
. . . MS.S .
Service tensile force in steel......................... T, o:=— 3 T,,=4.57 kip
T
Service tensile stress in steel........................ fogim— fs.s=20.79 ksi
As.prov.s
d
Calculate Beta'S ......oovveeereeeeeeeeeeereeeren. By=1+ “”’"d B,=1.82
AASHTO LRFD Equation 5.6.7-2 0.7+ (Ty—de.cor)
_ 700+7,.+in .
Max spacing reinforcement ...................... Smaz.s=|——————|—2+d,y =11.9 In
AASHTO LRFD Equation 5.6.7-1 B+ fss
kst

Smazs =N (1.5 Ty, 81455, 18 1) =9 in
Check steel spacing for crack control....  check,:=if (spacing, < |speq.s|» “OK”,“NG”)  check,=“OK”

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx Page 14 of Vt’?



TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx

Precast Concrete Box Design

Base Floor Slab Shear Analysis and Check (Short Direction):

Determine Effective Shear Depth.............c.cccc.ee. M, =A; prov.s* [y (dbs —-—(21) =4.05 kip- ft
M?'L .
dpgyi=—————=3.68 in
) As.prov.s * f y

d.;:=0.9:dy,=3.43 in

dyp=0.72-T,=4.32 in
. de = if<del 2 de2 3 del , d62> = 4.32 in

dbsv =if (db3v1> de , dbs'u’a de) =4.32 in

o w
Shear Load, Short Direction...........c.ccccccvvevncninnnne o Vs =Wae Wy pase® (-2—— - dbsv) b V, =272 kip
. - fe o .
Shear Capacity in Short Direction...................c.c...... DOV ¢ s base =Py 0.0316.3 — kst |+b,+dpg,
St

OV s base =6.59 kip

if (Vu.s <¢Vc.s.base , “OQK” , “NG”) - “QK”

ase Floor Slab Moment Analysis and Required Flexural Reinforcement (Long Direction
Moment at Midspan Long Direction......... M, ;:=Cg Wy pgse* SPANL" +b M, ,;=1.56 kip-ft
. . 2:M,, 0.85¢f'c«b-dy
Ratio of Reinforcement to Concrete........ Agi={1—[4|1— > — ]
bgeb (dy)” -0-85-f fy
Area of Reinforcing, Long Direction.......... Ay, =0.1in’

Check Minimum Required Reinforcement Base Floor Slab Long Direction (AASHTO LRFD Section 5.6.3.3)

Flexural Cracking Variability Factor.......................... v1:=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... v3:=0.67

. . Ty,
Half of Base Slab Section Thickness...............ccocoeen. Cpei=—=3 in
Concrete Density Modification Factor.......................... A:=1.0

in2 0.5
Modulus of Rupture of Concrete..............ccccecivninnennne fri=0.24. X (f’c- (k‘ )) +ks1=0.537 ksi
tp
. . . Ig.base . 3
Section Modulus, Non-Composite Section.................. Spei=—— =72 in
nc

Cracking MOMENL............ccovermiiiieiriernie e, My, =73+ (71 f;) *Spc=3.45 kip- ft
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Precast Concrete Box Design

Alternate Moment for Min. Reinf. Consideration........... M, ini=1.33-M,,=2.08 kip- ft

Controlling Moment for Min. Reinf. Evaluation............. M, pin=1f (Mc, <My min s M, 9Mu.min>
M, 1in=2.08 kip- ft

Min. Req'd Steel Area Base Floor Slab (L.ong Direction):

2'Mu.min 0°85‘f,c'b'dbl
As.min:: 1- 1- 2 .
o @b (dy)” -0.85-f fy

A, in=0.14 in’
Agpy =i (Agy> Ay min » Aot s As.min)

Req'd Steel Area Base Slab (Long Direction)............. Ag;=0.14 in®
Check Required Shrinkage and Temperature Reinf. Base Floor Slab Long Direction (AASHTO LRFD Section 5.10.6)

1.3 . b A Tb . 2 . - 2

As.temp’ = - =0.04 in As.temp = || if As.temp’s 0.11 n
C24(b+Ty)  fye = 0.11 in’

'S kzp . * H
; o ‘ also if 0.11 in® <A, ,,,.,<0.60 in’
(As.temp’>
else
0.60 in’
A, temp=0.11 in?

Asbl =if <Asbl > As.temp 9Asbl aAs.temp>
. Req'd Steel Area Base Slab (Long Direction)................ Agy;=0.14 in’

Check Steel Provided for Base Floor Siab (Long Direction) ;

Bar Diameter..............ccccoeoiiie, Dby, =0.375 n
Bar Spacing.......ccccooeevieieniine spacing;:=6+in

Dbbl2 .92 . 9 .9
BarArea.......ccooovevenciiicn Appri=Te =0.11 in" A,,:=Round (Abm, .0l-in )=0.11 in

Abar' 1 '.ft

spacing,;

Area Provided w/ Spacing................ A, prov ™= =0.22 in®

Required Steel Area....................... Ag;=0.14 in’
if (Asbl SAs.prov.l ’ “OK” ’ “NG”> =“OK”
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Precast Concrete Box Design

Check Steel Reinforcement Yield for Flexure (Base Floor Slab Long Direction) AASHTO LRFD 5.6.2.1:

A .
Depth of Equivalent Rectangular Stress Block.... a::—s—ﬂ—?f-'l—-{""—zo.% in
0.85-f',+b
Distance to Neutral AXiS.............cccoovvvevicrinennn. c:=i=0.32 in
1
Distance to the Centroid of Tensile Reinf................. d,:=dy=3.44 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq=.002
Check that Tensile Reinforcement has Yielded........ Check,:= —C% =0.094
: S
.003
Checky:=————=0.6
003+¢,

Verify:=if (Check, < Check,, “Tension Control”, “Not Tension Control””) = “Tension Control”
Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Base Floor Slab Steel (Long Direction)

Total Service Load On Bottom Slab.............. W= Wey, +Wey + WL w,,;=1.96 ksf
Service Moment at Midspan......................... M, ;:=Cg-w,,-Span;” +b . My ,;=0.91 kip- ft
Depth to centroid of slab reinforcing.............. d:=dy, d=3.44 in

Concrete cover from extreme tension fiber to

center of flexural reinforcement.................... de.cor=Cy+ (Dbys +0.5 - Dbyy) =2.56 in

Modular ratio............cccoeoiviicii n=E,+E, : ‘ - n=6.3

A
Reinforcement ratio...............cccccooeerervnnnen. pi= %ﬂ’i p=0.00533
. . 2
Compression factors: ‘k:=\/2-p-n+(p-n) _pem  k=0.228
Jj=1—-k+3 Jj=0.924
. . . Ms.l .
Service tensile force in steel........................ T, :=— ) T,,=3.46 kip
J .
T
Service tensile stress in steel....................... fou = fe=15.71 ksi
As.prov.l
dc.cvr
Calculate Beta S..........ooooeeiviiiciicn, Bsi=1+ 3 B:=2.065
AASHTO LRFD Equation 5.6.7-2 0.7+ (Ty = de.cur)
. . 700+, in .
Max spacing reinforcement ....................... Smazt=|——————2+d.y =13.9 tn
AASHTO LRFD Equation 5.6.7-1 B, Fai
ksi

Smazd =N (1.5 Ty, 8000, 18 in) =9 in

Check steel spacing for crack control.... check, :=if (spacing; < |$,na.|, “OK”, “NG”)  check;=“OK”
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Precast Concrete Box Design

Base Floor Slab Shear Analysis and Check (Long Direction):

Determine Effective Shear Depth...........c..c........ M, =A, provi fye (db, -~;—) =3.64 kip-ft
dypy=————=3.31 in

A provi Iy
d,=0.9+dy=3.09 in
dpp=0.72:T,=4.32 in
de:=if (dgy 2 dyy, dey , dep) =4.32 in

dblv =if (dblv'> de , dblv'7 de) =4.32 in

L
Shear Load, Long Direction............cc.ccccueenernrennns Vuii=Wpgs Wy pase* (5— db,v) b V,1=1.6 kip
‘ : . fe o .
Shear Capacity Long Direction ................ TR DV e 1base =P 0.0316 3+ ot ekst|«b,-dy,
St

¢Vc,l.base =6.59 kzP
if (Vu.l < ¢Vc.l.basea “OK” , “NG”) = “QK”

Is:

Base slab bars are #3 bars long and short direction. Project base slab bars (each way) into walls for a
distance equal to 1'-0" above the top of the base slab. Splice WWR in walls with the base slab bars for a
minimum distance of (1.3 times the WWR's basic development length) or (8 inches) per AASHTO LRFD
5.10.8.5.1. For these calculations use fy=70 ksi for the WWR in the walls.

fymesni=T0 ksi  f.=5 ksi =1
Db, =0.309 in
8y, = 8pacing, Sy=3 in
g+Db,,°
szz—z—“iP-— A,=Round(4,,.01-in’)=0.07 in*
—20-ksi
lpg;:=0.95+Db,,, - Y ymesh — ) =6.56 in  AASHTO LRFD Equation (5.10.8.2.5a-1)
. iR , ;
A.(flc.(z”? )) .kSi
kip
.2
m
6.3 'Aw 'fy.mesh ¢ 76;—-
P _46in AASHTO LRFD Equation (5.10.8.2.5a-2)

lhap =

bha=1f (Iha1 = lhaz s a1 s bhaz) = 6-56 in

Splice,:=1.3+1,,=8.53 in Splice,:=8.0 in

Splice =if Splz'ce >Splice ,Splice ,Splz'ce =8.53 in Required minimum splice Iength for WWR
reqd 1= 2 1 2
in the walls with the projecting base slab

bars.

Reference attached drawings, minimum splice length provided is 14 inches which is greater
than the required 8 1/2 inch minimum, therefore OK.
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Precast Concrete Box Design
Design of Riser Walls:
Loading - Walls of Riser Section - External Lateral Pressure

Lateral Live L oad Surcharge (L

Depth to bottom of section................ Hy:=H-T,—hy, =85 ft
Equivalent Height of Sail................. hegi=4.0 f1
AASHTO LRFD Table 3.11.6.4-1

LS:= ka *Vs* heq

Lateral Earth Surcharge from LL....... LS=0.143 ksf Service Load

Lateral Earth Pressure (EH) Loading above section (Service Load):
EH = (H =Ty~ hypy— hy—Hypp) * (Yeq) + Hut* Vs Ka
Total Loading above section (Service Load):
Wee:=LS+EH ,
Wy, =0.501 ksf
Lateral Earth Pressure (EH) Loading directly on section (Service Load):
EH gi7 1= hy+Yeq
EH;,=0.318 ksf Note: Wy, =EH g,
Total Loading (Service).

o Wy,
wsvc.r"" was+ 2

)-b:0.66 kif

Total Loading (Factored):
Wy pi= (LS . LLFh> + (EHabv -SLFh) =0.813 ksf

Wy, 1= (EHd,-,, -SLF},) =0.501 ksf

Wy.p

-b=1.064 kif

wu.r = (wa.r +

Bending Moment Analysis Horizontal Loading (Riser Section Walls

w Span,;* + Spany,*
Moment In Comners...................... Mcor, ,=——- P TOPIW | 148 kip - ft
12 Span; + Spany,

. Wy.r* Spa’nL2 .

Moment in Long Span.................. Milong,,; , ::——8~—~~Mcoru'rz 1.21 kip- ft
2

i Wy, SPany .
Moment in Short Span................ Mshort,, ., . :.—.——8——————~—~Mcoru,,ﬂ=0.14 kip-ft
Maximum Factored Moment...... Mcor, ,=1.48 kip- ft

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx Page 19 of "j/)



Precast Concrete Box Design

Determine Required Circumferential Reinforcement (Riser VWalls)

2+Mcor 0.85.f,+b-d
Steel Area Required.............c..cco.......... Agp=]1- \/ 1— i 1 £ I el
¢f°b'<dwr> '0'85'fc fy
Area of Flexural Reinforcing, Horizontal........... A,,=0.11 in’
Check Minimum Regquired Reinforcement Riser Walls Horizontal Direction (AASHTO LRFD Section 5.6.3.3)
Flexural Cracking Variability Factor....................... v1:=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... v3:=0.67
. . k wa .
Half of Wali Section Thickness...........c.cccocvvvninennnnn Cpe :=—2—: 31in
Concrete Density Modification Factor.......................... A:=1.0
o ‘ in? 0.5
Modulus of Rupture of Concrete............ccccovveviernnnene fri=0.24. X (f’c- (r)) +ksi=0.537 ksi.
tp
Section Modulus, Non-Composite Section................... S, =920 _79 in’
cnc

Cracking MOMENL...........ocooovviiiiierrieienee e M, =73+ (V1 fr) +Snc=3.45 kip- ft
Alternate Moment for Min. Reinf. Consideration........... M, .in=1.33+Mcor, ,=1.97 kip- ft
Controlling Moment for Min. Reinf. Evaluation............. M, in=1f (MC,, <M, mins My ?Mu.min>

M, .. =1.97 kip- ft

Min. Req'd Steel Area Riser Walls (Horizontal Direction):

A =1 \/1 2'Mu.min
smin*— |+ - ,
| W ¢f’b°(dwr)?'0'85'fc
' A, in=0.15 in’

0.85-f,+b+d,,
fy '

Agp=if (Asrh > Ay miny Asrh ,As.min)

iz — i ——=0.04 in’ A, tempi= || If Ag temp<0.11 in”
2.(b+wa).fy-(”,%) | 0.11 in?

‘ ‘ also if 0.11 in® <A temp<0.60 in®
(Agtemy) |

else

0.60 in’

A, temp=0.11 in®
Asrh = if (Asrh > As.temp ’ Asrh ’ As.temp)
Req'd Steel Area Riser Walls (Horizontal)...................... A, ,=0.15 in®
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Precast Concrete Box Design

heck Steel Provi Riser Walls Riser (Horizontal Direction):

Bar Diameter...............cccccoo... Db, =0.309 in
Steel Spacing...........ccoevvviereeeennne spacingy,,:=3+in
; D bwr2 . 2 . 2 . 9
Area of Steel................... Apgyi=r+— == =0.075 in” Ay, =Round (Apgr,-001+in”) =0.075 in
Apgre1-1t
Area Provided with Spacing............ A, provhr ::ﬂ’”—,——!—zo.:ao in®
: spacingy,
Area Required.................ccooeenne.... Agp=0.1514n"  if (Agp <A prov.hrs “OK”, “NG”) =“OK”

Check Steel Reinforcement Yield for Flexure (Riser Walls Horizontal Direction) AASHTO LRFD 5.6.2.1:

A .
Depth of Equivalent Rectangular Stress Block.... a::——M: 0.35 in

0.85-f".+b
Distance to Neutral AXis...........cccccccoeriiiiicnnnn ci=-2=0.44 in

1
Distance to the Centroid of Tensile Reinf................. dsi=d,,=3 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq:=.002
Check that Tensile Reinforcement has Yielded........ Check, ::-dc«: 0.147
S
.003
Checky:=———=0.6
003 +¢,

Verify:=if (Checkl <Check,, “Tension Control”, “Not Tension Control””> = “Tension Control”
Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Corner Wall Steel (Riser Section Wall Horizontal)

w Span;’® +Spany,*
Service Moment In Corners............. Mcor, ,i=——". pany ToPAlw
12 Span; + Spany,

Depth to centroid of wall reinforcing.............. d:=d,,

Concrete cover from extreme tension fiber to

center of flexural reinforcement.................... Ay por=Clyr+ (0' 5. war> =3 in

Modular ratio............ccccooiiiiiii n=E,+E,

A
Reinforcement ratio..............c.cocooevrernrerennes pi= 8;”‘;’"”

2

Compression factors: foim \/2-p-n+(p-n) —pen

j=1—-k=+3
. . . MCOTS.T
Service tensile force insteel........................ T, ppi=— 3
J .
. . . Ts.hr
Service tensile stress in steel....................... forri=
As.pm'v hr

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx

):0.92 kip-ft

d=3.00 in

1n=6.3

p=0.00835

k=0.276
§=0.908

T, p=4.06 kip

fore=13.54 ksi
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Precast Concrete Box Design

dC.C’UT
Calculate Beta S............cocoovvvieiiieccieeiee e Bi=1+ B,=2.433
AASHTO LRFD Equation 5.6.7-2 0.7+ (Tup—de.cor)
. . 700+7,+in )
Max spacing reinforcement ......................... Smazhri=|——————=2+d. 0y =12.7 in
AASHTO LRFD Equation 5.6.7-1 | g, Jor =
‘ ksi

Smaz.hr = min <15 * wa » Smax.hr > 18 Tn‘) =9
Check steel spacing for crack control....  checky,.:=if <Spa6inghr < I Smam.hrl ,“OK”, “NG”) checky, =“OK”

Check Wall Shear Capacity Horizontal | oading (Riser Section Walls

Determine Effective Shear Depth........................ M, :=A; provhr* Sy* (dw —%) =4.23 kip- ft
Ay '=————=2.82 in
e As.prov.hr '.f y

dy:=0.9+d,,=2.7 in
dppi=0.72.T,, =4.32 in
de = if (del Z de2 9 del 9 d€2> =4.32 in

oy =i (Ao > iy d) =4.32 in

L
Max Shear Load On Riser Walls (Horizontaly........... Viri= (W) * (3 - d,m,) Vur=1.74 kip
Fe
oV, ,=¢,+0.0316-8+ — ki [+ by (dyry)
, ksi
Shear Capacity, Riser Walls (Horizontal)............. ¢V,,=6.59 kip

if (Vu.r <¢Vc.r7 “QK” , “NG”) —_ “OK”
Determine Reguired Reinforcement (Riser Section Walls Verical Direction):

Note: Due to the fact that applied loading is carried by the horizontal reinforcement, vertical reinforcement for
the riser walls is to be based on the required amount of shrinkage and temperature reinforcement.

Check Required Shrinkage and Temperature Reinf. Riser Walls Vert. Direction (AASHTO LRFD Section 5.10.6

1.3 . b . wa . 9 . . . 9
Ag temp = ——=0.04 in A temp= || If Agtemp<0.11 in
: in
2‘(b+wa>'fy'(kip) 0.11 in’ ,
also if 0.11 in? <A tempy<0.60 in2:
<As.temp’)
else
0.60 in’
A, temp=0.11 in”
Min. Req'd Steel Area (Riser Walls Vertical)........................ Agy=Ag temp=0.11 in®
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Precast Concrete Box Design

Check Steel Provided Riser Walls Riser (Vertical Direction):

Bar Diameter.......c...ccccovvviciinn, Db,,,.=0.309 in

Steel Spacing...........cccccviiniiiennne 8pacing,,=3+in
D bwvr2 . 9 . 9 . 9
Area of Steel............ A=+ —— = =0.075 in*  Aygyi= Round (A4, ,.001+in” ) =0.075 in
Apgre 1o ft
Area Provided with Spacing........... Aq provor ::——ﬂ——,—m{—:OBO in’
Spacingy,
Area ReqUIred..........ooooovrrrree. Ay =0.11n%  if (Auy <Aqprover, “OK”, “NG”) = “OK”

Design Summary:
Base Wall Thickness................. T,»=61n

Horizontal Wall Steel
Area Required.....................o.... A, ,=0.22 in’
Horizontal Steel Provided............ A, provn=0.30 in’

Db,=0.309 tn. D7.5 bars

Vertical Wall Steel

Area Required..................ooe. A,,=0.11 in’

Vertical Steel Provided............. A, provy=0.30 in’

Db,,,=0.309 in D7.5 bars
tion r Sl

Bése Slab Thickness....................... T,=6in

Base Steel Area Required

in Short Direction......................c...... Ags=0.18 in®

Short Direction Steel

Provided...........cooooiiiniiinnn, Ay provs=0.22 in’
Db, ,=0.375 in #3 bars

Base Steel Area Required
in Long Direction..............c....co. - Ag=0.14 in®
l.ong Direction Steel

Provided............oooiniiii A ,=0.22 in?

s.prov.

Dby, =0.375 in  #3 bars

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx

spacing,=3 in

spacing, =3 tn

spacing,=6 in

spacing,=6 in
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Precast Concrete Box Design

Riser Wall Thickness.................. T,»=61n
Horizontal Wall Steel
Area Required.............. e A,,=0.15 in’
Horizontal Steel Provided............ A, provr=0.30 in’
Db,,=0.309 in  D7.5 bars spacing;, =3 in
~Vertical Wall Steel o
Area Required............................ A,,=0.11 in’
Vertical Steel Provided................ Ay prover=0.30 in’®
Db,,,,,=0.309 in D7.5 bars spacing,, =3 in

(1) Horizontal wall reinf. (base section and riser) shall be continuous (fully developed) around corners.

(2) For square structures Long Direction and Short Direction are equal.

TDOT Precast 48x36 Base and Riser LRFD Submit 12-21.mcdx
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Precast Concrete Box Design

Project: TDOT Alternate Reinforcement for Precast Box Structures

Date: 12/17/21
Product: 96 in. x 36 in. Curb Inlets & Catch Basins
Calculations By: DRH

Si ri
- Top of wall at grade
- HL-93 Live Loading
- Water table at grade
- Base section walls are integral with base slab
mptions:

teria n

Concrete Compressive Strength, 28 Days

Correction Factor for Source of Aggregate

Unit Weight, Concrete...........ccoooriiiiicc s «

Concrete Modulus of Elasticity
AASHTO LRFD Equation 5.4.2.4-1

Steel Yield for Rebar,

Steel Modulus of Elasticity

Exposure Factor, TDOT Structures Office Policy.

w,:=0.15+

. 120000.1{1.((% |

(HL-93 Live Load)

References:
AASHTO LRFD Bridge

Design Specification
Eighth Edition, 2017

f.:=5.0-ksi
AASHTO LRFD 5.4.2.4

{

Kl = 1-0
kip

ft’
2.0

) b

fy:=60-ksi
E,:=29000- ksi

-2
, [in
(&

0.33
) ]°ksi=4592.2 ksi

kip

7.:=0.88  Corresponds to Crack Width 0.015 in.
(See AASHTO LRFD C5.6.7)

Uit WeIGht, SOl v i=0.12. P

ft?
T L o i=0.0624 - F2P

ft’
ral Earth AASHTO LRF ren 11.5.3

Effective Angle of Internal Friction...................c........ ¢'s:=30 deg
Friction Angle Between Fill and Walll....................... 10:=0.67-9';=20.1 deg
Angle of Fill to the Horizontal.............ccccocceee B3:=0 deg
Angle of Back Face of Wall to the Horizontal............ 6:=90 deg

Equivalent Fluid Density, Fully Saturated Soil
Live Load and Dynamic Load Allowance:

Live Load

Dynamic Load Allowance

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx

re (1 .\ \/ sin (¢;+0) -sin (¢';—B)
sin (6 —6)-sin (6 +2)
<Sin (9 + ¢’f>> ’
1’-<sin(0)2 sin(@—é))
Yeg'= (Ys—Yuw) * Ko+ 70 =0.0795

=2.69

k= =0.3

kip
ft?
LL:=32 kip HL-93 Axle Load
IM;:=1.33
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Precast Concrete Box Design

Live Load Factor,
AASHTO LRFD Table 3.4.1-1

Dead Load Factor,
AASHTO LRFD Table 3.4.1-1 & Table 3.4.1-2

Soil Load Factor,
AASHTO LRFD Table 3.4.1-1 &
Table 3.4.1-2 (EH, Active)

Soil Load Factor,
AASHTO LRFD Table 3.4.1-1 &
Table 3.4.1-2 (EV)

Resistance Factor-Flexure, AASHTO LRFD 5.5.4.2 (Assumed, Verify in Flexural Calcs.)

Lo istance F
np:=1.0 Ductility Load Modifier,
AASHTO LRFD 1.3.3
Ngr_pr=1.0 Redundancy Load Madifier,
AASHTO LRFD 1.3.4, Dead Loads
Np =10 Redundancy Load Moadifier,
AASHTO LRFD 1.3.4, Live Loads
n+=1.0 Importance Load Modifier,
AASHTO LRFD 1.3.5
Ng_sr=1.05 Redundancy Load Madifier,
‘ AASHTO LRFD 1.3.4 & 12.5.4,
Soil Loads
m:=1.2 Multiple Presence Factor,
AASHTO LRFD Table 3.6.1.1.2-1
LLF,L':: 1.75 LLF::m-LLFi-'I]DVI]R_LL-n]:ZlO
LLFh e I/.L.l‘_'wz *Tp* 77R_LL N= 1.75
DLFz :=1.25 DLF::DLF’L'”D.TIR_DL.T]IZ 1.25
SLF'ih:: 1.5 SLFh’:SLFih‘nD"’?R_SL'nI: 1.58
SLF,L'.U:Z 1.3 SLF,U ’:SLFiv"’?D'nR_SL'nI: 1.37
¢f:: 0.90
¢,:=0.90 Resistance Factor-Shear, AASHTO LRFD 5.5.4.2
B:=2.0 Shear Factor- AASHTO LRFD 5.7.3.4.1

B,:=0.85—0.05 (

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx

also if 0.65<3,,<0.85

f”, —4) =0.8 B,:=|lif 8,,<0.65
ksi
0.65
(Bv)
else
0.85

ﬁl = 0-80
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Precast Concrete Box Design

Product Data:
Width, Short Dimension.................. W:=3.00-ft -
Length, Long Dimension................. L:=8.00-ft
Top Slab Thickness..........ccccccoveveen. T,:=10-in =
Bottom Slab Thickness................... Ty:=6+in
Base & Riser Wall Thickness.......... Typ:=6+1n = Finished Grade
Design Span Width....................... Spany =W +T,;=3.50 ft -1y ===
Design Span Length............c....... Span;:=L+T,,=8.50 ft - _
Inside Total Height...............ccoc...... h:=9.ft+10.in -
Soil Fill Above Top Slab................... h:=0.0-in =
Depth to Water Table...................... H,:=0-ft
Design Beam Width, Flexure......... b:=12.in o L J._T‘”b
Design Beam Width, Shear.......... b,:=12 in
- Design Strip Moment of Inertia..... Ty walr ::%?:216 in*  Base and Riser Walls
b-T,’ 4 ‘
g.base = =216 in Base Floor Slab
Depth to Bottom of Base Slab........ H:=h+T+h+T,=11.17 fi
Verti eometry: |
Height of Base Section..................... hy,:=4+ft+0-in Note: These dimensions used
Height of Bottom Riser Section......... h,:=4-ft+0+in 2}36559“ Mfg. heights will
Height of Interm. Riser Sections....... ho:=1.ft+10-in -
Bar Dj rs, Concr ver and Eff
Base Wall Concrete Cover................ C,=2.80-in
Bar Diameter, Base Walls.................. Db,:=.391+in Horizontal Direction
Db, :=.391-in  Vertical Direction,Cantilever
Horizontal Wall ds Dimension............. dy:=T,,—C,—0.5-Db,=3.00 in
Cantilever Wall ds Dimension........... d.=T,-C,— (wa +0.5. wav) =2.61 in
ase ion Floor Slab:
Base Floor Slab Concrete Cover....... Cp:=2.0-tn
Bar Diameter, Base Floor Slab....... Db :=.50-in Short Direction
Dby, :=.50+in Long Direction
ds Dimension (Short Direction)........... dpei=Ty—Cp—0.5+Dby,,=3.75 in
ds Dimension (Long Direction)......... dy =Ty —Cy— (Dby,+ 0.5 Dby;) =3.25 in

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx
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Precast Concrete Box Design

Riser Section Walls:
Riser Wall Concrete Cover................ C,r=2.80-in
Bar Diameter, Riser Walls................... Db, :=.391-in Horizontal Direction
Db, =.391-in Vertical Direction

Riser Horizontal Wall ds Dimension.... d,,:=T,;,—C,,—0.5+Db,,=3.00 in

Riser Vertical Wall ds Dimension.... Ao i= Ty — Coypp— (D + 0.5 « Dbyyy) = 2.61 in
Design of Base Section: Finished Grade
Loading - Walls of Base Section - External Lateral Pressure [ %lﬁiﬁyﬁl H I
Lateral Live Load Surcharge (LS) =l
. w a
Depth to bottom of section................ H,:=H-T,=10.67 ft . i
Equivalent Height of Soil................. heq:=4.0 ft al T
AASHTO LRFD Table 3.11.6.4-1 s =
Lateral Earth Surcharge from LL... LS:=ky+7,heg /
LS=0.143 ksf Service Load / a)
Lateral Earth Pressure (EH) Loading above section (Service Load): i
: Q
EHabv:z (H”Tb_hbb_Hwt>'<7eq>+Hwt'7.s'ka‘ ; ‘ k '_

Total Loading above section (Service Load):

W,e:=LS+EH,,

w,,=0.673 ksf
Lateral Earth Pressure (EH) Loading directly on section (Service Load):

EHdir = h’bb *Yeq

EHdiTZO.?)lS ka Note: wbS::EHdiT'

Total Loading (Service):

Wy,

Wy i= (was+ )-b:0.832 klf
Total Loading (Factored):

wg:= (LS+ LLF) + (EH y, » SLF),) = 1.085 ksf

wy:= (EHy;, + SLF),) =0.501 ksf

wy
Wy = | W, + 5 +b=1.335 Kklf
TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx Page 7/:'{ UL L](j



Precast Concrete Box Design

Analysis of Deflections, Base Section Walls--Fixed-End Condition:

(wsvc> «Spang, !

Maximum Horizontal Deflection At Mid-Span...... Amazy,,;, = =0.0197 in
384 'Ec 'Ig.wall
Waeeb) el (Whye P+ .50+ D) « iy
Maximum Deflection At Top of Base Wall........ AMAT, 4y = (tas-) - Py + (s Py L =0.0422 in
8'E0°Ig.wall 15'Ec'Ig.wall
. . . . Amawhoriz
Percent of Load Carried In Cantilever Direction............... K oni = =0.32
Ammhoriz + Ama’mcant
Percent of Load Carried In Horizontal Direction............... Kyorini=1—K_4,;=0.68

Bending Moment Analysis Horizontal Loading (Base Section Walls):

Span |
Mcor
=l Miong
] Mshort yw
»
Y
w, (Span;®+Spany’
Moment In Corners............cocoee. Mecor, =Ky ——+ Ll Palw =4.15 kip- ft
o ; 12 Span; + Spany,
. (w,) - Span;’ :
Moment in Long Span................... Milong, =K}, ————————Mecor,=4.07 kip- ft
. (w,) - Spany,* :
Moment in Short Span................... Mshort, ,,+=Kpoiz* 3 —Mcor,=-2.76 kip- ft
Maximum Factored Moment.......... Mcor,=4.15 kip- ft

Determine Required Circumferential Reinforcement (Base Section Walls):

1 a1 2+Mcor, 0.85+f,+b-d,
¢sobe(d,)” -0.85-f", Iy

Area of Flexural Reinforcing, ....................... A,,,=0.33 in’

Steel Area Required..............cccoe.e.. A=

swh

Check Minimum Reguired Reinforcement Base Section Wall Horizontal Direction (AASHTO LRFD Section 5.6.3.3

Flexural Cracking Variability Factor.......................... ¥,:=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... v5:=0.67
T,

wb

Half of Wall Section Thickness.............ccccooeceniini Cpei= - =3 in

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx Page *LS ) at ”f,}



Precast Concrete Box Design

Concrete Density Modification Factor..........................

Modulus of Rupture of Concrete................cc.coooens

Section Modulus, Non-Composite Section
Cracking Moment............cccooiiiiiic e,

Alternate Moment for Min. Reinf. Consideration

Controlling Moment for Min. Reinf. Evaluation

Min. Reg'd Steel Area Base Walls (Horizontal):

M

A:=1.0
0.5

in’ .

_fT::O.24o)\-(f’c-( - )) +ksi=0.537 ksi
kip

1
S = g.wall —79 z'n3
ne Cnc

Mcr::73° <71 'fr) 'Snc:3'45 kip'ft

=1.33-Mcor,=5.53 kip- ft

Mu.min =if <Mcr SMumm ’Mcr aMu.m'in>
M, =3.45 kip- ft

¢ Mu.min

Agmini=|1-— 1-
s

Req'd Steel Area Base Walls (Horizontal)......................

Check Required Shrinkage and Temperature Reinfor
1.3'b'T b . )
As.temp’:: = in =0.04 zn2 As.temp::
2:(b+T, ;) f, s ] —
0+ 7o) Sy ]

Reqg'd Steel Area Base Walls (Horizontal)

Check Steel Provided (Walls Horizontal Base Section):
Db,=0.391 in

spacing;:=3+in

2

0.85-f,+b-d,
fy
Agrin=0.27 in”
Aswh =if <Aswh > As.min ’ Aswh ?As.min>
A, =0.33 in®

ment (AASHTO LRFD Section 6.10.6

if A,y <0.11 in’

0.11 in?

also if 0.11 in? <A, 40,y <0.60 in®
(Astemp)

else

0.60 in’

A, temp=0.11 in?

A =if <Aswh > A tempr Aswh ’As.temp>
Ay, =0.33 in’

Area of Steel..................... Apgri=m+——2—=0.120 in’ A, =Round (4,,,.001+in’)=0.12 in’
Apor+1-ft

Area Provided with Spacing............ A, provh ::_ﬂ‘i___f_: 0.48 in’
spacingy,

Area REQUIred.................ooovvvvvee... Aen=0.33 in” i (Apn <Ay provn, “OK”, “NG”) = “OK”

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx
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Precast Concrete Box Design

Check Steel Reinforcement Yield for Flexure (Walls Horizontal Base Section) AASHTO LRFD 5.6.2.1:

Depth of Equivalent Rectangular Stress Block....

Distance to Neutral AXis........ccocoeeeiieiiiieeeieinnninnn,

Distance to the Centroid of Tensile Reinf...............
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...

Check that Tensile Reinforcement has Yielded.....

A .
i arrovnSy ool

© 0.85-f,b

c::—fl——z 0.71 in
1

. dg=d,=31in
€cl:= .002
..  Check, :::ic—z 0.235

8

.003

Checky:=—————=0.6

003+&,

Check Crack Control for Wall

Verify:=if (Check, <Check,, “Tension Control”, “Not Tension Control””) = “Tension Control”
Steel Yields, Assumption Phi (Flexure=0.90) is OK

el (Base Section Wall Horizontal

w Span;® + Spany,*
Service Moment In Corners............ Mcor,:=Kj iy ——-+ Pafy TOPITW | _9.59 kip- ft
12 Span; + Spany,
Depth to centroid of wall reinforcing............... d:=d, d=3.00 in
Concrete cover from extreme tension fiber to Db
center of flexural reinforcement.................... Ay por i =Cp+ __é_“i =3in
Modular ratio...........ccccoooiiiiiiii n=E +FE, n=6.3
. . As.pmv.h
Reinforcement ratio..............c.cocoei P ::——b—zl——— p=0.01331
ion f : 2
Compression factors k::\/2-p.n+(p-n) - k= 0.335
Jj=1-k+3 j=0.888
: : : Mcor, :
Service tensile force in steel........................ BT T,,=11.63 kip
: id
. . . Ts,h .
Service tensile stress in steel........................ foni= fon=24.24 ksi
) As.prov.h
d
Calculate Beta S.......o.ovvveeeeeeeeeeeeeeeeeen, B=1+ e B,=2.424
AASHTO LRFD Equation 5.6.7-2 0.7+ (T = de.cor)
o 7007, in )
Max spacing reinforcement ........................ Smazhi=|——————|—2+d. ¢y, =4.5 in
AASHTO LRFD Equation 5.6.7-1 5. Fon
ksi

Smaz.h =T (1.5 Ty Spggn 18 in) =4.5 in

Check steel spacing for crack control....... checky,:=if (spacing, < |Symae.n| » “OK”, “NG”) check;, = “OK”

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx
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Precast Concrete Box Design

Check Wall Shear Capacity Horizontal Loading (Base Section Walls

Determine Effective Shear Depth........................ M, :=A; prov.n [y (dw ——(2-1—) =6.53 kip- ft
dyyi= b =272in
“ As.prov.h 'f y

d,:=0.9.d,=2.7 in

dep:=0.72-T,,=4.32 in
de=if(dy > dey, dey , dey) =4.32 in

oy = (dyyy > de , oy s d) =4.32 in

L
Maximum Shear Load on Walls (Horizontal).......... Vui=Kpopsp (W) * ( 5 —dwv) V,=3.31 kip
. . fe )
Shear Capacity, Wall (Horizontal)...............c......... ¢V,=¢,+0.0316.:3- o «kst|-b,- (dwv>
; ; si

SV, =6.59 kip
if (Vu < ¢Vc’ “OK” , “NG”> =“QK”

Desian of Vertical Reinforcement (Base Section Wall Cantilever Direction

We+ hyy,” +b wyhyy” b )
Moment At Base of Wall........................ Mecant, =K ,,; --—-r-é~———+Kcant —é——-——~= 3.18 kip- ft
‘ 2+Mcant, 0.85+f.<b-d,
Steel Area Required.................ccocoiiin, Appw={1—-|4/1- > .
¢sb-d,” -0.85-f, Iy
Area Of Flexural Reinforcing, . 9
Cantilever Direction (Walls Vertical).................. Ay =0.29 in

Check Minimum Required Reinforcement Base Section Wall Cantilever Direction (AASHTO LRFD Section 5.6.3.3

Flexural Cracking Variabilty Factor........................... v::=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... v3:=0.67
. . wa .
Half of Wall Section Thickness..............ccccooeiniiinennn Cpet= > =3 in
Concrete Density Modification Factor.............ccc...c..... A=1.0
0.5

.2

Modulus of Rupture of Concrete.............cccocccecirennnne fri=0.24. - (f’c- (%?-—)) «ks1=0.537 ksi
tp
X . . Ig.wall . 3
Section Modulus, Non-Composite Section................... S, = =72 tn
cnc

Cracking MOMENt.............c.coovveririreiesiseeree e, M., =73+ (1 f;) * Spe=3.45 kip- ft
Alternate Moment for Min. Reinf. Consideration........... M, ini=1.33<Mcant,=4.24 kip- ft

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx Page . 3 ?,fg‘r %7



Precast Concrete Box Design

Controlling Moment for Min. Reinf. Evaluation............. My i =18 (Mo My i s My, My i)
M, =3.45 kip-ft
Min. Req'd Steel Area Walls (Vertical):

| 2+ My min 0.85-f'.<b-d,
Agmin=[1—[4[1— *
[y )

A, min=0.32 in’
Agyi=if <Aswu > A min > Aswo aAs.min>

Req'd Steel Area Base Walls (Vertical)................... A, =0.32 in’
Check Required Shrinkage and Temperature Reinforcement (AASHTO LRFD Section 5.10.6)
1.3 . b ° wa . 92 ‘ . .2
Ag temp = ——=0.04 in A temp= || I Agtemp<0.11 in
in
2'(b+wa>'fy'(kip) 0.11 in?
alsoif 0.11 in® <A, 4,y <0.60 in’
(As.temp’>
else
0.60 in’

Aq temp=0.11 in?
Agy=if (Aswv >As.temp s Asuw As.temp>

Req'd Steel Area Base Walls (Vertical)....................... Ag,,=0.32 in”

Check Steel Provided (Walls Vertical Base Section):

Bar Diameter..............ccccocevinnns Db,,,,=0.391 in
Steel Spacing..........cccoevvviiveiveenen spacing,:=3+in
D bwv2 .2 i 2 in 2
Area of Steel............... Apgyi=re— 2—=0.120 in Apgri=Round (4y,,,.001-in’) =0.12 in
Apere 1 ft
Area Provided with Spacing.............. A, prova ::—b“i—-.—-’f——: 0.48 in®
spacing,
Area Required...........ccc.cccoverreernnnn. Agyy=0.32 0" if (A <A prov, “OK”, “NG”) = “OK” |

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx Page X’;* b‘;: VF’



Precast Concrete Box Design

Check Steel Reinforcement Yield for Flexure (Walls Vertical Base Section) AASHTO LRFD 5.6.2.1:

A L]
Depth of Equivalent Rectangular Stress Block.... a::M: 0.56 in
0.85.f".+b
Distance to Neutral AXis............ccccooiicniiinnen ci=2 =071 in
1
Distance to the Centroid of Tensile Reinf................. d,:=d,=2.61 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... &q4:=.002
Check that Tensile Reinforcement has Yielded........ Check; ::-(;-:—_—. 0.27
)
.00
Checky=—292 _ _0.6
.003+¢,

Verify:=if (Checkl <Check,,“Tension Control”, “Not Tension Control””) =“Tension Control”
Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Vertical Wall Steel (Base Section

. West By” + b Wyy+ by b .
Service Moment at base of wall......... Mecant,:=K_,,; -——é—-—-+ cant® =1.98 kip-ft
Depth to centroid of wall reinforcing............... d:=d, d=2.611in
Concrete cover from extreme tension fiber to ,
center of flexural reinforcement................... dg.cor i=Coy+ (Dbyy +0.5+ Dbyy) =3.39 in
Modular ratio...........cccoocoenioniiii e, n=E,+FE, n=6.3
A
Reinforcement ratio................cccccocccvvvnenn... p ::—%%’i p=0.01531
. . 2
Compression factors: ko= \/2 cpemt (p- n) _pem k=0.354
ji=1—-k+3 J=0.882
_ ) Mecant, .
Service tensile force in steel......................... T, ::_'—T T,,=10.32 kip
N J .
T
Service tensile stress in steel........................ Fopi=— for=21.49 ksi
As.p’rov.v
dC.C’UT
Calculate Beta S...........ccoocoovviciiiicic, Bei=1+ p B,=2.851
AASHTO LRFD Equation 5.6.7-2 0.7+ (Tup = de.cor)
) ) 7007y, +in .
Max spacing reinforcement ....................... Smazw=|———|—2+d, , =3.3 tn
AASHTO LRFD Equation 5.6.7-1 B+ fs
‘ ksi

Smaz.v = MAN (1'5 *Tw s Smaz.vy 18 zn) =3.31in

Check steel spacing for crack control....... check,:=if (spacing, < |Spmaz.o| , “OK”, “NG”) check, =“OK”

Note: Accept 3 in. spacing as OK for this check.

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx
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Precast Concrete Box Design

Check Walil Shear Capacity Verti

Determine Effective Shear Depth

-Maximum Shear Load on Walis (Vertical)

Shear Capacity, Wall (Base of Cantilever)

Base Section Floor Slab Design:

Base Section Wall

Mn :zAs.prov.v 'fy ¢ (

| Loadin

dc——g-)=5.59 kip- ft

n

As,p'rov.'u 'fy

d,:=0.9.d,=2.35 in

= =2.33 in

dppi=0.72T,, =4.32 in
de = if (del 2 d62 ) del ’ d€2) =4.32 1n

dcv = if (dcv’> de , dcv’7 de) =4.32 in

. Vu ::Kcant . (wu> . <hbb> Vu =1.7 kip

fe

ksi

¢Vc::¢v-0.0316',3'( ‘kSi)°bv'dcv
$V,=6.59 kip

if (Vu <¢VC’ “«QK” , “NG”) = “QK?”

Distribution of External Upward Pressure

[ SPATY, Spany : .
m.:=if <0.5,0,Round ,0.05 m.=0.00 If width to length ratio is less than 0.5
; Spany, Spang, then design as one-way slab (m=0).
m CA CB :m WA WB
[ 1 .036 .036] [ 1 .50 .50]
1.95 .040 .033 .95 .55 .45
.9 .045 .029 .9 .60 .40
.85 .050 .026 .85 .66 .34
.8 .056 .023 .8 .71 .29
MC:= 75 .061 ',019 Moment Coefficients VC:= 75 .76 .24 Shear Coefficients
-7 .068 .016 based on distribution -7 .81 .19} pased on distribution
.65 .074 .013 Width/Length ratio, m. .65 .85 .15| Width/Length ratio, m.
.6 .081 .010 .6 .89 .11
{ .55 .088 .008 .55 .92 .08
.5 .095 .006 5 .94 .06
1 0 .125 0 | ¢ 0.125=1/8 (One-Way Case) 10 1.0 0 |
C 4= |vlookup (m.,MC, 1) C,4=0.125 Moment Coefficient, Short Direction
Cp:=|vlookup (m.,MC, 2)| C5=0.000 Moment Coefficient, Long Direction
W 4= |vlookup (m.,VC, 1) W,=1.00 Shear Coefficient, Short Direction
W= [vlookup (m.,VC,2)| W5 =0.00 Shear Coefficient, Long Direction

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx
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Precast Concrete Box Design

Combination of Loads

Structure Volume:

Worst Case - structure empty with full LL+ Impact

Voli=he(W+2:Ty)« (L+2-Typ) —he WeL+Tye (W42 Typ) + (L+2Typ) + Ty (WH2Tpp) « (L+2+Ty)

Structure Volume.............ccocoeeiiiiiiiii,

Vol=166 ft°

Vol.w
< Wg, = 0.69 ksf

Self Weight Bearing Pressure................... Wy '=

Earth Load Bearing Pressure..................

Live Load Bearing Pressure.........................

Total Load On Base Floor Slab (Factored).......

(L+2Typ) s (W+2:Tyy)

Wry, i=LL.

wpy ="+ hy=0 ksf

IMy,
(L+2Typ) s (W+2:Ty)

=1.18 ksf

Wy.base :IDLF'wsw+SLFv'wgv+LLF'wLL=3.35 ksf

Base Floor Slab Moment Analysis and Required Flexural Reinforcement (Short Direction)

Moment at Midspan Short Direction.....................

Steel Area Required

Area of Reinforcing, Short Direction

Mu.s = CA * Wy pase * Spa‘nW2 b

={1—

M, ,=5.13 kip-ft

))

2 'Mu.s

1—
(\/ Gsobe(dy;)* +0.85-f,

0.85« f, b+ dy,
fy

A, =0.32 in’

Check Minimum Required Reinforcement Base Floor Siab Short Direction (AASHTO LRFD Section 5.6.3.3)

Concrete Density Modification Factor...........................

Modulus of Rupture of Concrete.................cccccevvenne.

Section Modulus, Non-Composite Section...................
Cracking Moment..............ccooiniiii e,
Alternate Moment for Min. Reinf. Consideration

Controlling Moment for Min. Reinf. Evaluation

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx

v,:=1.6

v5:=0.67

Che ::IP-:3 in
2

A:=1.0

0.5
. 9
m )) < ksi=0.537 ksi
kip

fr=0.24 X (f (

I
S, =22 — 72 in’

Cne

Mcr =73 <71 '-fr) 'S'nc=3°45 kip'ft

M, :=1.33-M, ,=6.82 kip-ft

M,

wmin*™ if Mcr SMu.min ’ Mcr ’ Mu.min)

M, in=3.45 kip-ft

Page -} (g 0~£ ‘4\7



Precast Concrete Box Design
Min. Reqg'd Steel Area Base Floor Siab (Short Direction):

2'Mu.min 0'85'f/c'b°dbs
As.min =11~- 1— 2 .
| ¢sb+ (dys)® +0.85-f", Iy

A, in=0.21in"
Agpsi=if (Asbs > A min 1 Asbs 7As.min>

Req'd Steel Area Base Floor Slab (Short Direction)...... Ay, =0.32 in’

Check Required Shrinkage and Temperature Reinf. Base Floor Slab Short Direction (AASHTO LRFD Section 5.10.6)
1.3:b.T}

A, temp = — =0.04 in’ Aq tomp= || i Ag tempy<0.11 in’

2'(b+Tb>'fy'(E;) ‘ ; 0.11 in®
‘ alsoif 0.11 in® <A, ;,,,<0.60 in®

(As.temp’>
else

0.60 in’

A, temp=0.11 in’
Asbs = if (Asbs > As.temp ’ Asbs ?As.temp>

Req'd Steel Area Base Floor Slab (Short Direction)................ Agy,=0.32 in’

Check Steel Provided for Base Floor Slab (Short Direction) :

Bar Diameter...........ccocoevevincicnnnn Db, ,=0.5 in
Bar Spacing...........cooeevvviiiniiennns spacing,:=6+in
'l)bbs2 .9 . 2 .9
BarArea..........cooeeiiiiiiiien, Apgpi=1re 1 =0.20 in Ay =Round (AbaT, .0l-in > =0.20 in
Apere1-Ft
Area Provided w/ Spacing............. Asmvﬁ::ﬂl-;-—]f—zo.m in®
spacing,
Required Steel Area.................. Ay =0.32 in’

if <-Asb3 SAS,WOU.S, “OK” , “NG”) — “OK”

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx Page 31 ﬁg yﬂ



Precast Concrete Box Design

Check Steel Reinforcement Yield for Flexure (Base Floor Slab Short Direction) AASHTO LRFD 5.6.2.1:

_ As.p’rov.s'fy —0.47 in

Depth of Equivalent Rectangular Stress Block.... a:=
0.85.f',+b
Distance to Neutral AXis...........cc...coceeevecninennne. c::i=0.59 in
1
Distance to the Centroid of Tensile Reinf................ d,:=dy,=3.75 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... £,:=.002
Check that Tensile Reinforcement has Yielded........ Check, :=~§——= 0.157
; : A
.003
Checky:=————=0.6
003 +¢,

Verify:=if (C’heck:1 < Check,, “Tension Control”, “Not Tension Control””) =“Tension Control”

Steel Yields, Assumption Phi (Flexure=0.90) is OK
Check Crack Control for Base Floor Slab Steel (Short Direction)
Total Service Load On Bottom Slab.............. Wy 5= Wy, + Wey + WL w, = 1.87 ksf
Service Moment at Midspan......................... M, :=C,-w, -Spany, +b M, =2.87 kip- ft
Depth to centroid of slab reinforcing.............. d:=dy, d=3.75 in
Concrete cover from extreme tension fiber to .
center of flexural reinforcement..................... e.cor=Cpt (0.5 Dby) =2.25 m
Modular ratio............ccoeeriiiieniciic e n=E+E, n=6.3
. . As.prov.s
Reinforcement ratio............cccooiiiiinenn, P :Z—ET p=0.00889
ion f; : 2
Compression factors:. k::\/2-p-n+(p-n) —pen k=0.284
ji=1—k+3 J=0.905

. N . MS.S .

Service tensile force in steel........................ T, i=— P T,,=10.14 kip
. J .

. . . TS.S .

Setrvice tensile stress in steel....................... fosi= fes=25.35 ksi
As.prov.s
dc.cvr
Calculate Beta S ... By=1+ ] B,=1.857
AASHTO LRFD Equation 5.6.7-2 0.7+ (T~ de.cur)
_ _ 700+7,+in .
Max spacing reinforcement ..................... Smaz.si=|——|—2+d.,, =8.6 in
AASHTO LRFD Equation 5.6.7-1 B, fss
ksi

Smap.s i= AN (1.5 T+ Smaz.ss 18 zn> ~8.6
Check steel spacing for crack control.... check,:=if <8pacings < l ’Smaz.sl ,“OK”, “NG”)

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx
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Precast Concrete Box Design

Base Floor Slab Shear Analysis and Check (Short Direction):

Determine Effective Shear Depth.......................... M, =A, pon.s° fy* (dbs -—g—) =7.03 kip- ft
dygyi=—————=3.51 in
* As.prov.s * .f y

d.;:=0.9-d,,=3.38 in

d:=0.72.T,=4.32 in

de H= if (del Z d62 s del s d62> :4.32 i'n.-

Ay, :=if (dbsv'> de, dpgry de> =4.32 1n

Shear Load, Short Direction............c..cccoceieicnennn Vs =W4e W, pase (-vz‘—i—dbw) b V,,=382kFip
. . fe
Shear Capacity in Short Direction.............cc.cccceeee. DSV s base =P+ 0.0316- 3+ P cksi|-b,-dy,,
; St

¢Vc.s.base =6.59 kip

if <Vus <¢Vc.s.base , “OK?” , “NG”) —“QK”

B Floor Slab Moment Analysis and Required Flexural Reinforcement (Long Direction

Moment at Midspan Long Direction......... M, ;=Cg+ Wy pose *SPANL" + b M, ;=0 kip-ft
. . 2:-M,, 0.85«f'c-bedy
Ratio of Reinforcement to Concrete........ Agpi=|1-14/1—- 5 .
¢f’b' (dbl) ) ‘0.85 'f,c fy
Area of Reinforcing, Long Direction.......... Ay =0 in®

Check Minimum Reguired Reinforcement Base Floor Slab Long Direction (AASHTO LRFD Section 5.6.3.3)

Flexural Cracking Variability Factor.......................... Y1:=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... v5:=0.67
. . Ty .
Half of Base Slab Section Thickness............................. Che ::—2~= 3in
Concrete Density Modification Factor........................... A:=1.0
in2 0.5
Modulus of Rupture of Concrete..............cccccoevein fr=0.24.X. (f’c- ( > )) +ksi=0.537 ksi
tp
. . . Ig.base . 3
Section Modulus, Non-Composite Section.................. Spei= =72 n
e
Cracking MOMENL..............c.ovrvrvriieieeeieie s M =73+ (v1+f;) + Spe=3.45 kip- ft
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Precast Concrete Box Design

Alternate Moment for Min. Reinf. Consideration........... M, in=1.33:M,,=0 kip-fi

Controlling Moment for Min. Reinf. Evaluation............. M, min=M,,

M, pin=3.45 kip- ft

Min. Req'd Steel Area Base Floor Slab (Long Direction):

2. M, i 0.85+f,+b+d
As.min =1 vl — :m e . f ol
) ) ¢f‘b' (dbl> '0.85°flc fy

A, nin=0.25 in’

Agy=if <Asbl > Ay min s Asbl ’As.min>

Req'd Steel Area Base Slab (Long Direction)............. A4, =0.25 in’

Check Required Shrinka nd Temperature Reinf. Base Floor Slab Long Direction (AASHTO LRFD Section 5.10.6

1.3:b-T,

also if 0.11 in® <A, ;,,y<0.60 in’

Ay temp = ——=0.04 in’ A, temp= || if A temp<0.11 in”
20 (b+Ty) fyr [ 0.11 in?
‘ . . kzp . . ‘ . .
(As.temp’>
else
0.60 in’
A, temp=0.11 in®
Agyi=if <Asbl > As.temp s Aghy ’As.temp)
Req'd Steel Area Base Slab (Long Direction)................ Ay =0.25 in’
Check Steel Provided for Base Floor Slab (Long Direction) :
Bar Diameter............cccocovvieiicnncne Dby, =0.5 in
Bar Spacing...........ccccoeveeverieeiennn spacing;:=6+in
‘Dbbl2 .2 . 9 . 9
BarArea........ccccoveeveveeeeieeen Ay =100 =0.20 in” Ay, :=Round (Abar ,.01e2n ) =0.20 in
Apare1-ft
Area Provided w/ Spacing................ Aqprovi ::—ﬂi—,-—f-—z 0.40 in®
spacing,
Required Steel Area....................... Ay =0.25 in’

if (Asbl SAs.prov.l , “OQK” , “NG”) = “QK”

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx
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Precast Concrete Box Design

Check Steel Reinforcement Yield for Flexure (Base Floor Slab Long Direction) AASHTO LRFD 5.6.2.1;

A *
Depth of Equivalent Rectangular Stress Block.... a::M:O.M in
0.85.f,+b
Distance to Neutral AXis.............cccovvrvevinennns c::-—(-l——z().59 in
1
Distance to the Centroid of Tensile Reinf................. dyi=dy=3.25 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... £q:=.002
Check that Tensile Reinforcement has Yielded........ Check, ::—C%: 0.181
‘ 8
.003
Checkyi=————=0.6
003 +¢,

Verify:=if (C’heck'1 < Check,,“Tension Control”, “Not Tension Control"”) = “Tension Control”
Steel Yields, Assumption Phi (Flexure=0.90) is OK

Note: Crack Control check for Base Fioor Slab Steel (Long Direction) not required. Base slab designed as one
way slab in the short direction due to span ratio. Use reinforcement determined above for long direction.

Base slab bars are #4 bars Iong and short direction. PrOJect base slab bars (each way) into walls for a
distance equal to 1'-0" above the top of the base slab. Splice WWR in walls with the base slab bars for a
minimum distance of (1.3 times the WWR's basic development length) or (8 inches) per AASHTO LRFD
5.10.8.5.1. For these calculations use fy=70 ksi for the WWR in the walls.

Jymesn=T0 kst f'.=5 ksi A=1
Db,,,=0.391 in
8y i=8pacing, Spy=3 1in
70+ Db,,’
A, ::——Tlﬁv-—— A, :=Round (Aw ,.01 -in2> =0.12 in’

—20+ksi
(fymesn ) =8.31 in AASHTO LRFD Equation (5.10.8.2.5a-1)

lyg; :=0.95Db,, -

0.5
2

’ kst

kzp
)
mn

6.3 'Aw 'fy.mesh ¢ EI—‘
lhd2 = p =7.89 in AASHTO LRFD Equation (5.10.8.2.5a-2)

0.5
. 9
( (kzp))
bha=if (lna1 > ha  lnar » bnaz) =8.31 in

Splice;:=1.3+1;,,=10.8 in Splice,:=8.0 in

Splice,eqq:=if (Splice, > Splice, , Splice, Splice,) =10.8 in  Required minimum splice length for WWR
in the walls with the projecting base slab
bars.

Reference attached drawings, minimum splice length provided is 14 inches which is greater
than the required 10 3/4 inch minimum, therefore OK.
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Precast Concrete Box Design
Desi f Riser Walls:

Loading - Walls of Riser Section - External Lateral Pressure
Lateral Live Load Surcharge (LS)
Depth to bottom of section................ Hy,:=H—-T,—hy,=6.67 ft

Equivalent Height of Soil................ heg=4.0 ft
AASHTO LRFD Table 3.11.6.4-1
LS:= ka * Vs heq

Lateral Earth Surcharge from LL....... LS =0.143 ksf Service Load

Lateral Earth Pressure (EH) Loading above section (Service Load):
EH g, '= (H—Ty— by, — by~ Hyp) * (Yeq) +H* Vs ko

Total Loading above section (Service Load): |
Woe:=LS+EH,,
w,,=0.355 ksf

Lateral Earth Pressure (EH) Loading directly on section (Service Load):
EH 4, :=hy+Yeq
EH,;;,=0.318 ksf Note: Wy =FEH gy,
Total Loading (Service):

. Wy
Weyer = Wy + 9

.b=0.514 kIf

Total L oading (Factored):

w,,:= (LS + LLFy) + (EH y, - SLF},) =0.584 ksf
Wy = (EHdiT . SLFh> =0.501 ka

Wy,
5| 0=0834 klf

wu.r = (wa.r +

Bending Moment Analysis Horizontal Loading (Riser Section Walls

w Span;® +Spany,*
Moment In Comers................... Mcor, ,i=——- Pan, TOPIW | _ 381 kip- ft
12 Span; +Spany,
. Wy Spa'nL2 .
Moment in Long Span.................. Mlong,,,; , ::———-———8—————-Mcoru.,,=3.73 kip- ft
2
, w,, ., Spany, ]
Moment in Short Span............... Mshort, ., :=~—————§—~———— —Mcor, ,=—-2.53 kip- ft
Maximum Factored Moment...... Mcor, ,=3.81 kip- ft

TDOT Precast 96x36 Base and Riser LRFD Submit 12-21.mcdx
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Precast Concrete Box Design

Determine Required Circumferential Reinforcement (Riser ls

) . 2.Mcor, , 0.85.f".+b-d,,
bsebe(dyy)” +0.85-f fy

Flexural Cracking Variability Factor.......................... v,:=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... v3:=0.67
Half of Wall Section Thickness................ooo.ooooovveoomeer. Coe :=—;"5’- =3 in
Concrete Density Modification Factor................c......... A:=1.0

: 0.5
Modulus of Rupture of Concrete.............c.cccceeveeierennns fri=0.24 X (f'c- (::; )) +ksi=0.537 ksi
Section Modulus, Non-Composite Section................... Spei= Igc' vl 72 in®

ne

Cracking MOMENt..............cooovovoveeieeeeeeeee s M, =73+ (V1 f;) * Snc=3.45 kip- ft
Alternate Moment for Min. Reinf. Consideration........... M, mini=1.33-Mcor,, ., =5.06 kip- ft
Controlling Moment for Min. Reinf. Evaluation............. My i =18 (M My i s My s My i)

M, i =3.45 kip- ft

Min. Req'd Steel Area Riser Walls (Horizontal Direction):

2 'Mu.min
As.min =|1- 1-
‘ : Gpobe(dy,)* <0.85+f,
A, =0.27 in®

8.Min

Asrh =if <Asrh > As.min ’ Asrh ’ As.min)

0.85-f,+b-d,,
fy

Req'd Steel Area Riser Walls (Horizontal)................... A,,=0.3 in’

——=0.04 in’ Aq tomp= || if A temp<0.11 in®
2'(b+wa)‘fy'(:L) - 0.11 in?

: . also if 0.11 in” <A, ;.,,»<0.60 in”
(Ag temp) |
else
0.60 in’

A, temp=0.11 in®
Asrh = if (Asrh > As.temp ’ Asrh ?As.temp>

Req'd Steel Area Riser Walls (Horizontal)...................... A,,=0.3 in®
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Precast Concrete Box Design

Check Steel Provided Riser Walls Riser (Horizontal Direction):

Bar Diameter.............c.cccceveeenn. Db,,=0.391 in
Steel Spacing.......c..ccoceveeieerennenn, spacingy,:=3-in
‘ D bwrz .2 ] i 2
Area of Steel.................... Apgyi=-— 2= =0.120 in” Ay = Round (4,,,,.001+in”)=0.12 in
. . . Abar 1. f t . 9
Area Provided with Spacing............ A prov.pri=————=0.48 in
spacingy,
Area Required............cccccrvrrvueunenne. A,;,=0.30 in’ if (Asrh <A prov.nrs “OK”, “NG”) =“0K”

Check Steel Reinforcement Yield for Flexure (Riser Walls Horizontal Direction) AASHTO LRFD 5.6.2.1:

A -
Depth of Equivalent Rectangular Stress Block.... a ::Mz 0.56 in
e 0.85+f.-b
Distance to Neutral AXis...........cccoceinninnen. ci=-X=0.71 in
1

Distance to the Centroid of Tensile Reinf................ d,:==d,, =3 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq:=.002
Check that Tensile Reinforcement has Yielded........ Check, = EC~ =0.235

]

.003
Checkyi=—————=0.6
003 +¢,

Verify:=if (Checkl <Check,, “Tension Control”, “Not Tension Control””) =“Tension Control”
Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Corner Wall Steel (Riser Section Wall Horizontal)

w Span;® + Spany,*
Service Moment In Corners............ Mcor, , i=——" PAy TOPIW | _ 934 kip- ft
12 Span; + Spany, ~
Depth to centroid of wall reinforcing.............. d:=d,, d=3.00 in
Concrete cover from extreme tension fiber to
center of flexural reinforcement................... dy ppr = Clr+ <0. 5. war) =3in
Modular ratio............cccocoiiniiiii n=FE,+F, n=6.3
. . As.p’rov.hr
Reinforcement ratio.............cc.ccoviiiiincnns pi= bod p=0.01331
. . 2
Compression factors: ke \/2 pemt (p . n) —pen k=0.335
j=1-k+3 j=0.888
. . . MCOTS.T .
Service tensile force in steel......................... T —-—J——&——— T, 5, =10.54 kip
. . . Ts.hr .
Service tensile stress in steel........................ Fopyi=—— Fonr=21.95 ksi
As.prov hr
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Precast Concrete Box Design

e cor
Calculate Beta S.........ccccooviiiiiii, Bei=1+ o Bs=2.424
AASHTO LRFD Equation 5.6.7-2 0.7 (T = de.cor)
) ) 700+, +in .
Max spacing reinforcement ...............ce.oc... Spazhr=|————|—2+d.(,y,=5.6 In
AASHTO LRFD Equation 5.6.7-1 ; ; B+ Fsnr
kst

Smaz i =11 (1.5 Ty Syag by » 18 1) =5.6 in
Check steel spacing for crack control....  checky, :=if (spacingp, <|8mae.nr| » “OK”, “NG”) checky, =“OK”

Check Wall Shear Capacity Horizontal | oading (Riser Section Walls

Determine Effective Shear Depth................ J M, :=Aq prov.ir [y (dwr——g—) =6.53 kip- ft
=T =272 in
“re As.prov.hr 'fy

d,=0.9+d,, =2.7 in
dyp:=0.72-T,,=4.32 in
de = if<del Z de2 ) del ) d62> =4.32 in

iy = (dypry> ey Ay s de) =4.32 in

Max Shear Load On Riser Walls (Horizontal).......... Vr= (wu_r> . (—g—— dwrv) V.r=3.04 kip
fe .
OV, ,=¢,+0.0316.43- P ksi|+ by (dyyo)
Shear Capacity, Riser Walls (Horizontal)............. ¢V,,=6.59 kip

if <Vu7- <¢Vc.7~7 “OK” R “NG”) — “OK”

Determine Required Reinforcement (Riser Section Walls Verical Direction):

Note: Due to the fact that applied loading is carried by the horizontal reinforcement, vertical reinforcement for
the riser walls is to be based on the required amount of shrinkage and temperature reinforcement.

Check Required Shrinkage and Temperature Reinf. Riser Walls Vert. Direction (AASHTO LRFD Section 5.10.
1.3‘b'wa

Ay tomp ™= ——=0.04 in’ Ay temp= || If Ay pemp<0.11 in’
[ m . .
2-(b+wa)'fy'(kip) | 0.11 in? |
alsoif 0.11 i’ <A, ey <0.60 in”,
<As.temp’> ;
else
0.60 in’
Aq jemp=0.11 in”
Min. Req'd Steel Area (Riser Walls Vertical)........................ Agyi=Ag temp=0.11 in’
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Precast Concrete Box Design

Check Steel Provided Riser Walls Riser (Vertical Direction):

Bar Diameter..............ccccocoiin Db,,,.=0.391 in
Steel Spacing...........coooeeieiviirecn, spacing,,:=3-+in
D bwvr2 . 2 . 9 .2
Area of Steel............... Apgri=T00 — =0.120 in A,..~=Round (A,m ,.001.in ) =0.12 n
Apgre 1o ft
Area Provided with Spacing........... A provar ::———bf—r—-—_————f——z 0.48 in’
spacing,,
Area Required...................cooo..... Ay, =0.111in"  if(Ayy <A propars “OK?, “NG”) = “OK”
Design Summary:
e Sectio lis:
Base Wall Thickness................... T.,w=61in
Horizontal Wall Steel
Area Required................c.oo. A,,=0.33 in’
Horizontal Steel Provided............ A, provn=0.48 in’
Db,=0.391 in D12 bars spacing, =3 in
Vertical Wall Steel
Area Required.....................c... A,,,=0.32 in’
Vertical Steel Provided................ A, provy=0.48 in’
Db,,=0.391 in D12 bars spacing, =3 in
B ectio r Slab:
Base Slab Thickness...................... Ty=61in
Base Steel Area Required
in Short Direction.......................... A,,=0.32 in®
Short Direction Steel
Provided..........covi i Aq prov.s=0.40 in?
Db,,=0.500 in #4 bars spacing,=6 in
Base Steel Area Required
in Long Direction.........c.ccoovvvnns A0 =0.25 in”
Long Direction Steel
Provided...........ccoooiiii, Aq prov=0.40 in?
Dby, =0.500 in  #4 bars spacing;=6 in
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Precast Concrete Box Design

Riser Section Walls:
Riser Wall Thickness.................. T,,=61in
Horizontal Wall Steel
Area Required............................ A, =0.30 in’
Horizontal Steel Provided............ A, provr=0.48 in’
Db,,=0.391 in D12 bars spacingy, =3 in
Vertical Wall Steel
Area Required............................ A,,=0.11 in’
Vertical Steel Provided................ A, provor=0.48 in’
Db,,,=0.391 in D12 bars spacing,, =3 in

(1) Horizontal wall reinf. (base section and riser) shall be continuous (fully developed) around corners.

(2) For square structures Long Direction and Short Direction are equal.
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